Four lactating Holstein cows producing about 21 kg milk/day were fed complete rations containing 0, 5, 15, and 25% whole cottonseed in a 4 × 4 Latin square design. Diets were fed ad libitum. Periods were 21 days in length with total collections of feces and urine during the last 7 days of each period. Digestibilities of nitrogen, lipid, and energy increased with increasing cottonseed in the diet. There were no significant effects of cottonseed on digestibility or availability of fiber components, calcium, phosphorous, and magnesium. Cottonseed feeding did not affect dry matter intake or milk yield but did increase yields of milk fat and fatcorrected milk and decrease milk protein and solids-not-fat percentages. Synthesis of fatty acid in the mammary gland was depressed by about 50% on the 25% cottonseed diet, but transfer of dietary fat resulted in twofold increases in yields of stearic and oleic acids. Hydrogenation of cottonseed fatty acid in the rumen resulted in a fourfold increase in yield of trans oleic acid in milk fat.
INTRODUCTION
Avkilability and utilization of whole cottonseed as a feedstuff for dairy cattle has increased Received October 20, 1980. significantly during the past few years, particularly in the western US. Since cottonseed is relatively unique in being both a high fiber and potentially a high energy feedstuff, it commonly is included in diets for cows in early lactation. However, digestibility and feeding values for cottonseed (16) are based on data from studies with cattle or sheep at relatively low intakes (14) . Increasing intake results in depression of digestibility of dietary components, and the effect is greatest with mixed diets of forage and concentrate, in particular, those diets with highest proportion of concentrate (27, 28) . Digestibility of whole cottonseed in diets fed at higher intakes is not known.
Effects of added dietary fat on digestion and nutrient availability appear to be controversial. Some studies have indicated depressions in fiber digestion and mineral availability with lipid feeding (5, 10) . Others, however, have found no effects of fat on digestibility if relatively high dietary calcium is maintained (17, 18) . Since whole cottonseed is relatively high in fat (about 20% of dry matter), possible effects on diet digestibility should be explored.
Effects of added dietary fat on milk composition are variable and dependent upon type of fat fed (18) . Lipids that are protected from rumen fermentation and hydrogenation cause increases of milk fat percent, yields of total fat, and long chain fatty acids, and decreases of yields of short chain fatty acids (3, 4, 7, 9, 11, 12, 13, 23, 26) . Several studies showed decreases in yield of milk protein when protected tallow was fed (6, 12, 20) . Some studies with whole cottonseed showed increases in milk fat percent (15, 24) whereas others reported decreased milk protein percent with cottonseed feeding (1) .
Objectives of our studies were to determine the digestibility of whole cottonseed and possible associated effects on digestion or availability of dietary components and to evaluate responses in milk composition to cottonseed feeding. 
MATERIALS AND METHODS

Digestibility Study
Four lactating Holstein cows were fed complete mixed diets containing 0 (basal), 5 (LWCS), 15 (MWCS), and 25% (HWCS) whole cottonseed in a 4 × 4 Latin square design. Diets consisted of substitutions of whole cottonseed for the basal diet mixture (Tables 1, 2 ). Cottonseed was unprocessed, as it comes from the gin, and was purchased from a commercial supplier. Alfalfa hay was coarse ground and blended with other ingredients in all diets. Cows were fed ad libitum twice daily with amounts fed and refused recorded at each feeding. Periods in the Latin square design were 21 days in length with total collection of feces and urine during the last 7 days of each period.
Cows were fitted with polyethelene funnels and tubing attached to the vulva for separation of feces and urine. Feces were weighed and sampled daily for dry matter (DM) determination by forced air oven drying at 55°C. Samples were composited for the collection week for further analysis. Composite samples of feeds fed and refusals were taken for the collection week, and dry matters were determined by forced air oven drying at 70°C. For both feeds and feces, gross energy, crude fiber, crude protein, ash, calcium, phosphorous, and magnesium were determined according to AOAC (2) and total lipid by 96 h ether extraction. Acid detergent fiber, cellulose, and lignin were determined by procedures described by Goering and Van Soest (8). Cows were milked twice daily with milk yields recorded at each milking. Milk samples collected at each milking were composited for the collection week and analyzed for fat by the Babcock method, total solids by forced air oven drying, and total nitrogen by Kjeldahl (2). Fatty acid composition of milk fat was determined by lipid extraction, conversion to butyl esters, and analysis by gas chromatography (19, 21) .
Statistical comparisons were by analysis of variance for Latin square designs and by Duncan's multiple range test for differences between means (25).
Commercial Dairy Study
Milk samples and data on feeding programs and herd health and reproductive performance were collected from 55 dairies located throughout California. Forty of the dairies were feeding varying quantities of whole cottonseed and 15 were not feeding cottonseed. Average herd size was 624 cows with a range of 117 to 1475 cows/herd. Each dairy was visited during March to May and again in August or September. Bulk tank milk samples representative of milk produced by the entire herd and data were collected at each visit. Milk samples were analyzed for fat, protein, and total solids by AOAC methods described above and also by IRMA (infra-red milk analysis). Fatty acid composition of milk was determined as described above.
RESULTS AND DISCUSSION
Digestibility Study
Dry matter intakes, production, and composition of milk during collection weeks are in Table 3 . Total dry matter intakes and yields of milk were similar for all treatments. Milk fat percent and yields of milk fat and 4% FCM (fat corrected milk) were increased on both the 15 and 25% whole cottonseed diets. Anderson et al. (1) reported no effect of cottonseed on milk fat percent. However, cottonseed intakes in their study (about 1.9 kg/cow per day) were much lower than those of either the MWCS or HWCS diets. Other workers (15, 24) reported increases in milk fat percent with cottonseed feeding. Percentages of milk protein and SNF (solids-not-fat) both were depressed on MWCS and HWCS diets. The depression in SNF appears to be totally accounted for by the decrease in milk protein. Depressions in milk protein have been reported previously with the feeding of whole cottonseed (1) and with protected tallow (6, 12, 20) . Alterations in milk composition were similar to those in a whole cottonseed feeding trial conducted concurrently (22) . Regression of percent whole cottonseed in the diet on milk composition indicates that milk fat increases by .025% and milk protein and SNF decrease by about .004% for each percentage increase in whole cottonseed (an increment of .22 kg cotronseed/cow per day).
Yields of milk fatty acids were altered significantly by the feeding of cottonseed (Table 4) . Oleic (C18:1) and linoleic (C18:2) fatty acids comprised 15 and 62% by weight, respectively, of the total lipid in whole cottonseed. The yields of stearic (C18) and total oleic milk fatty acids were increased twofold on the HWCS diet compared to basal indicating considerable transfer of dietary lipid to milk fat. However, the fourfold increase in yield of trans C18:1 and the observation that cottonseed had no effect on yield of C18:2 indicate high rumen and tissue hydrogenation of the cottonseed fatty acids. These results are similar to those in the concurrent cottonseed feeding trial and are discussed in detail elsewhere (22) .
Feeding whole cottonseed resulted in depression of yields of C6 to C12 short chain fatty acids (Table 4 ). The magnitude of depression, within this group of fatty acids, increased with increasing chain length and with percent whole cottonseed in the diet. Decreased yields of these short.chain fatty acids have been reported in several studies where protected lipids have been fed and are indicative of depressed synthesis of fatty acids in the mammary gland (3, 4, 7, 13, 18, 23) . Digestibility coefficients for dietary components and net absorption of minerals (intake -fecal output) are in Table 5 . Digestibilities of nitrogen, energy, and ether extract increased with substitution of cottonseed for basal diet. There were no significant effects of cottonseed on digestibility of fiber components (although there was a trend toward decreased cellulose digestibility) nor on net absorption of Ca, P, or Mg. Kronfeld and Donoghue (10) reported depressions in fiber digestion and availability of Ca and Mg when protected tallow was fed. Palmquist and Conrad (17) found no effect of protected tallow or hydrolyzed fat on digestibility of dietary components, particularly if adequate dietary calcium is maintained. Intakes of calcium were well above requirements in the present study.
Estimates of digestibility coefficients and energy values for whole cottonseed were calculated by both substitution of whole seed for basal ration and by regression of digestibility on percentage whole seed in the ration (Table  6 ). Values from both methods are similar and agree closely with those derived at low intake (14) and with those in present use (16) . Thus, there appears to be no substantial interaction between intake and digestibility or energy value of whole cottonseed.
Commercial Dairy Study
There were no detectable effects of whole cottonseed feeding on either gross composition of bulk milk tank samples (percent fat, protein, or SNF) nor on accuracy of milk analysis by IRMA. However, the highest average intake of whole cottonseed in the herds was about 2 kg DM/cow per day, which was considerably below the higher amounts fed in the digestibility study discussed above. Feeding of whole cottonseed did cause significant alterations in fatty acid composition of milk fat (Table 7) . Weight percents of short chain fatty acids (C6 to C14) were decreased, and stearic and oleic were increased with increasing quantities of cottonseed. Thus, if commercial herds were feeding higher cottonseed, such as those in the digestibility study, alterations in gross milk composition (increased fat and decreased protein percentages) would be expected. Data on herd health and reproductive performance are in Table 8 . All herds were group fed, and all but two fed more cottonseed to the high producing groups than to the rest of the herd. Herds were ranked by quantity of cottonseed fed to the high group for comparisons because the feeding program for this group has the potential for greatest effect on measurements. Average calving interval ranged from 13.0 to 13.5 mo for the groups of herds, and there were no apparent trends with cottonseed feeding. Incidences of displaced abomasum and ketosis were low, whereas occurrence of milk fever and retained placenta was relatively high. However, the/'e was no relationship between cottonseed feeding and incidence of these disorders.
In summary, whole cottonseed has a high energy value (about 2.25 Mcal NE (net energy)/kg DM) in diets for lactating cows and has no effect on digestibility or availability of dietary fiber and minerals. Considerable hydrogenation of cottonseed fatty acids occurs in the mmen resulting in increased yield of trans oleic acid in milk fat. Synthesis of fatty acids in the mammary gland was reduced by up to 50%, but transfer of fat from cottonseed resulted in net increases in percentage and yield of milk fat. Percent milk protein was decreased on cottonseed diets. Mechanisms for the effect on milk protein remain to be solved.
